Introduction
Results from studies on the relationship between obesity and personality are conflicting. Some authors have concluded that obese do not differ from a general population on nonweight-related personality traits, [1] [2] [3] while others have found support for differing personality profiles. [4] [5] [6] [7] [8] Furthermore, results indicate a large variability within the obese group. 7, [9] [10] [11] Several studies have examined potential predictors of weight loss and/or long-term maintenance in obesity patients but, so far, no single personality trait have been found to be of predictive significance. [10] [11] [12] [13] However, some authors have investigated the effect of obesity surgery on personality. In two different studies, using the Minnesota Multiphasic Personality Inventory (MMPI) and Eysenck Personality Inventory, Bull et al 14, 15 note that although the operated patients were less depressed, surgery was not accompanied with any significant changes in personality. However, since comparisons were made between different groups of people preoperatively and at different follow-up intervals, the lack of changes might simply be an artefact of possible initial differences. In contrast, Maddi et al 16 noted significant improvements regarding several MMPI traits between 6 and 12 months following surgery. Within-group changes showed, for example, that prevalence of psychopathology decreased from 17.1 to 4.8%, with the greatest improvements regarding Psychasthenia and Hysteria. Larsen and Torgersen 17 examined 89 patients before and 1 and 3 y after horizontal gastric banding.
More than half of the personality traits, as measured by the Basic Character Inventory, changed significantly. There was a general decrease in Oral cluster traits, such as Self-doubt and Insecurity, and an increase in Obsessive traits (Parsimony and Orderliness). The authors conclude that there were no adverse changes in personality traits because of the operation and weight loss, rather the patients seemed less neurotic and exerted more control after the operation.
Discrepancies between results obtained to date may be explained by differences in study design, such as prospective vs cross-sectional, length of follow-up periods. It may also be due to conceptualisation and operational definitions of personality, where personality can be defined as, for example, stable over a range of situations (traits) or varying according to the situation. 18 Several studies are also limited by small sample sizes, samples consisting predominantly or exclusively of females, and poor compliance rates. There is also a lack of studies on conventionally treated patients. Thus, the aims of this study were to assess in a large sample of both males and females (1) if obese surgical candidates, obese patients choosing conventional treatment and a reference group of primarily normal-weight subjects differ regarding personality traits at baseline; (2) if changes in personality follow weight change after 2 y; (3) if magnitude of weight change is related to magnitude of change in personality.
Methods

SOS study
The SOS (Swedish Obese Subjects) study is an ongoing, nation-wide controlled, prospective trial [19] [20] [21] that started in 1987. SOS consists of one registry and one intervention study (inclusion of patients into both studies was completed in January 2001). All subjects in the registry study (n ¼ 6328) were examined at 480 primary health care centres. From this pool, 2010 surgical candidates (treated with gastric banding, vertical banded gastroplasty or gastric by-pass) and their conventionally treated controls (n ¼ 2037) were recruited to the subsequent intervention study. All intervention subjects will be monitored for 20 y. The SOS study is not randomised due to ethical committee reasons. To avoid systematic differences between the two groups prior to treatment, a matching procedure selects the optimal control case to match each included surgical patient. The selection is based on an algorithm moving the mean values of the matching variables of the control group toward the current mean values of the surgically treated patients. In this way, a group match rather than an individual match is undertaken. The procedure takes into account 18 variables, of which six are psychosocial. Inclusion criteria are age (37-57 y) and body mass index (BMI) (Z34 kg/m 2 for men and Z38 kg/m 2 for women). More detailed descriptions of the SOS study design, recruitment and assessment procedures have been reported previously. [19] [20] [21] The ethical committees of all medical faculties in Sweden approved the study and informed consent was obtained from all patients.
SOS reference study
The SOS reference study was initiated in order to obtain comparable, general population data to the SOS Registry and Intervention study. Residents aged 37-60 y from two suburban areas were randomly selected and 1135 (54% women) agreed to participate (56% response rate). All participants were health examined between 1994 and 1999, and completed the same questionnaires as in the SOS Registry study. 22 Follow-up examinations are planned after 10, 15
and 20 y. The ethical committees approved the SOS reference study and informed consent was obtained from all participants.
Participants
The present study is based on data from 3270 SOS intervention patients and on the 1135 SOS reference individuals. Data from 777 patients are missing since questions related to five of the seven Karolinska Scales of Personality (KSP) factors were initially not included. At baseline, the sample therefore consisted of 1626 receiving surgical treatment and 1644 receiving conventional treatment. Despite the lower BMI inclusion cut-off value for men, females were over-represented in this group (72%). Demographic and social background characteristics are presented in Table 1 . In comparison to the reference group less obese subjects (especially men) were married/cohabiting and had lower levels of education.
Compliance rate. In the operated group weight and KSP data at the 2 -y follow-up were complete for 1380 patients (85%). Corresponding rates for the conventionally treated were 1241 (76%). Baseline comparisons showed that noncompliers tended to have higher scores on anxiety proneness than did compliers. This trend was somewhat stronger among the conventionally treated.
Anthropometric measures
Body weight was measured to the nearest 0.1 kg using calibrated balances or electronic scales. Height was measured to the nearest 0.01 m. BMI was calculated by dividing body weight by height squared (kg/m 2 ).
The Karolinska scales of personality (KSP) The KSP was constructed to cover specific areas of importance for research in healthy subjects, but also to identify dimensions of vulnerability to various personality and psychiatric disorders. 23 In contrast to many other personality inventories it was never intended to cover 'the whole personality' or reveal certain psychopathological profiles.
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The KSP originally consists of 15 scales (135 items) grouped into three main domains: anxiety proneness, extraversionrelated and aggression. 24 The validity of the KSP has been documented in several studies. 25, 26 Owing to the extensive battery of mailed questionnaires in the SOS study only seven of these scales (75 items) were selected to match our research questions.
Anxiety proneness. Somatic Anxiety (SA, 10 items) reflects autonomic disturbances, diffuse distress and panic attacks. Muscular Tension (MT, 10 items) concerns subjective tenseness and aches, and difficulties in relaxing. Psychasthenia (Psy, 10 items) is a scale reflecting cognitive anxiety, implying low levels of mental energy and difficulty in compensating for energy consumption. The Psychic Anxiety scale (PA, 10 items) reflects social anxiety, insecurity, and worrying.
Extraversion-related. Monotony Avoidance (MA, 10 items) is a sensation-seeking scale, concerning a need for novelty and change, preference for strong stimuli and an adventurous lifestyle. The Impulsiveness scale (Imp, 10 items) is assumed to reflect tendencies to act on the spur of the moment, lack of planning and rapid decision-making.
Aggression. The Irritability scale (Irr, 5 items) concerns a readiness to explode with negative affect at the slightest provocation and feelings of irritation. The respondents rated each item on a four-step response scale ranging from 'does not apply at all' to 'applies completely'. Scores were summed giving a score between 10 and 40 for each scale, excepting Irritability where the score ranges between 5 and 20. Item examples for each scale were presented in a preceding paper. 
Results
Weight change
The inclusion examination of patients in the intervention study was conducted 0.8 years (SD ¼ 0.7) after the registry study. During this period, participants due to undergo surgery gained on average 6.4 kg and therefore, as seen in Table 2 , they weighed significantly more at baseline than those choosing conventional treatment. Both obese groups weighed more than the reference group. At 2-y follow-up, the surgically treated group had lost on average 28.4 kg (95% CI, 27.7-29.1), which equals on average 24% of original body weight, with only nine persons losing no weight at all. In contrast, the conventionally treated group lost on average 0.1 kg (95% CI, À0.4 to þ 0.6). The change in weight varied not only between the two groups but also within each group, from À123.3 to þ 10.8 kg in the surgical group and À58.9 to þ 30.1 among the conventionally treated.
Personality traits at baseline
In general, operated patients reported more anxiety, less Monotony Avoidance, more Impulsiveness and Irritability than the conventionally treated group and the reference group at baseline ( Table 2 ). The conventionally treated also displayed more anxiety (except PA), less Monotony Avoidance and more Impulsiveness compared to the reference group. Differences in ES between the two treatment groups and the reference group are presented in Figure 1a . Differences in personality between the surgical candidates and the reference group were moderate regarding three of the four anxiety scales (Psychic Anxiety ES ¼ small), and small concerning extraversion and Irritability. In contrast, differences between the conventionally treated and reference groups were moderate only for Somatic Anxiety, small for Muscular Tension, Psychasthenia and Impulsiveness, and trivial regarding Psychic Anxiety, Monotony Avoidance and Irritability.
Personality trait changes in relation to weight changes Surgery group. Participants were grouped into four weight loss categories to illustrate the relationship between changes in weight and changes in personality traits. Surgically treated participants were grouped into four categories of weight loss: o10.0 kg (group 1), 10.0-19.9 kg (group 2), 20.0-29.9 kg (group 3), and Z30.0 kg (group 4) ( Table 3) . At baseline, all groups differed significantly regarding weight (not 1 vs 2), with group 1 having the lowest and group 4 the highest weight (BMI 40.1 vs 43.9). No differences were found regarding personality traits. At 2-y post-treatment, all groups still differed in weight, but now in the opposite direction (group 1: BMI 38.2 vs group 4: BMI 29.4). All groups, except group 1, decreased significantly in anxiety proneness (group 2 showed a nonsignificant decrease on MT), where the greater the weight reduction, the greater the decrease (Figure 2 ). Regarding the extraversion-related scales, all groups reported an increase in Monotony Avoidance, whereas there were no changes in Impulsiveness. Groups 3 and 4 also displayed a decrease in Irritation.
Conventionally treated group. The conventionally treated patients were grouped into one weight gain and three weight loss categories: gain Z þ 0.1 kg (group 1), weight loss 0.0-9.9 kg (group 2), 10.0-19.9 kg (group 3), and Z20.0 kg (group 4) ( Table 3) . At baseline, all groups differed significantly regarding weight (not 3 vs 4), with group 1 having the lowest and group 4 the highest weight. No differences were found regarding personality traits with one exception: groups 1 and 2 reported significantly higher levels of MT compared to group 3. At 2-y post-treatment all groups still differed in weight, but now in the opposite direction. Regarding anxiety, only group 4 decreased on all these scales ( Figure 3 ). It should be noted that the improvement in PA was not significant (P ¼ 0.06), but the magnitude of change was greater than in the other groups. Group 2 decreased on all anxiety scales but Muscular Tension, and both weight gainers (group 1) and group 3 reported lower levels of Psychasthenia. Regarding the extraversion-related scales, all groups reported an increase in Monotony Avoidance (group 4 not significant) and group 1 decreased in Impulsiveness. There were no changes regarding Irritation.
Comparison between obese patients at follow-up and the reference group Surgery group. ES differences between the surgically treated at follow-up and the reference group are presented in Figure 4a . Groups 1 and 2 reported higher levels on all personality scales (ES ¼ small to moderate), except Conventionally treated group. ES differences between the conventionally treated at follow-up and the reference group are presented in Figure 4b . Groups 1 and 2 reported higher levels on Somatic Anxiety, Muscular Tension, Psychasthenia and Impulsiveness (ES ¼ small). Groups 3 and 4 displayed a small difference regarding Impulsiveness and, for group 4, Monotony Avoidance. All other ES were trivial.
Summary of associations between weight change and personality changes after 2 y
The pattern of change in personality in relation to weight change was similar irrespective of treatment. Greater weight reduction was related to greater decrease in anxiety proneness. Monotony Avoidance increased irrespective of weight change, while Impulsiveness remained stable. In contrast, only surgery patients losing Z20 kg reported lower levels of Irritability post-treatment, whereas the conventionally treated (who had lower levels at baseline) remained stable. Surgically treated patients who had lost less than 20 kg and conventionally treated who had gained weight or lost less than 10 kg displayed similar differences compared to the reference subjects as they did at baseline. Surgical patients who had lost Z20 kg and conventionally treated with a weight reduction Z10 kg displayed smaller differences on all personality scales except Impulsiveness. Differences in ES between the two treatment groups and the reference group at follow-up are presented in Figure 1b . Differences were small regarding Somatic Anxiety, Muscular Tension, Psychasthenia (except surgery) and Impulsiveness, while differences in Psychic Anxiety, Monotony Avoidance, Irritability and Psychasthenia were trivial (only surgery).
Discussion
This study attempted to assess the effect of obesity treatment on personality. At baseline, surgical candidates differed significantly on practically all personality traits compared to patients who preferred conventional treatment. Specifically, the surgical candidates were characterised as more anxiety prone, impulsive, and irritable and less monotony avoiding. Both obese groups also differed significantly in the same direction from the reference group. Our baseline, pretreatment results confirm findings from a number of that high scores on Neuroticism (anxiety, angry hostility, depression, self-consciousness, impulsiveness, vulnerability) are related to, for example, global distress, physical and emotional complaints, help-seeking behaviour, lack of self-control/inability to control urges, and maladaptive coping. There are clear parallels to the obese patients in our study. Differences between our two obese groups are also in line with studies that have shown heterogeneity in the obese population. For example, treatment seekers report higher levels of distress compared to those not seeking treatment 1, 30 and patients who prefer more drastic weightreduction methods, such as surgery or appetite suppressants, differ on psychological variables from those who prefer conventional treatment. [31] [32] [33] The obese are also heterogeneous regarding eating disorders like binge eating (BED), which is associated with for example distress and dysfunction. Studies indicate that the BED prevalence is higher among obese seeking vs not seeking treatment, 34 and among those undergoing bariatric surgery vs conventional treatment. 35 Although eating disorder was an exclusion criterion in the SOS study subjects were not specifically screened for BED, which may to some extent contribute to our group differences. Although differences between our groups were highly statistically significant, our large sample sizes may exaggerate the significance of these differences. We therefore decided to evaluate the magnitude of the differences using effect size (ES). ES estimates showed that no between-group differences were large, but instead most were in the trivial to small range. Compared to the reference group, differences were small to moderate on all personality traits for the surgical candidates and trivial to small for the conventionally treated (except on Somatic Anxiety ¼ moderate). Thus, the level of the evidence suggesting that personality traits influence choice of treatment in the obese does not appear to be strong. However, given that accepted benchmarks for interpreting the clinical meaningfulness of ES estimates is still lacking and that we found small but consistent differences between our two obese groups, it is difficult to All comparisons between surgically treated groups were significant except for groups 1 and 2 at baseline (Mann-Whitney U-test). b All comparisons between conventionally treated groups were significant except for groups 3 and 4 at baseline (Mann-Whitney U-test). At follow-up, anxiety proneness had improved among patients losing weight, and the improvements were in proportion to the magnitude of weight loss. One could conjecture that the higher levels in anxiety proneness for obese patients before treatment might be reactions to underlying mental stress, predisposing a lifestyle causing obesity. Subsequently, due to the obesity, the anxiety may persist or even be reinforced. The intervention could then serve as a tool for breaking a vicious circle, where weight loss may positively reinforce for improvements in anxiety, especially Psychasthenia. The greater the weight reduction is, the stronger is the reinforcement.
The decreased levels in anxiety proneness might also be explained by the fact that the severely obese generally suffer from comorbid conditions. 36, 37 Weight loss improves functional health, for example, surgically induced weight loss is associated with a marked relief in dyspnoea, chest pain, musculoskeletal pain and asthma, [38] [39] [40] [41] where greater weight reduction is associated with greater improvements in functional health. Our results compare favourably with those found by Maddi et al 16 using the MMPI. Their bariatric patients decreased the most in preoccupation with physical symptoms (Hypocondrias and Psychasthenia) and expressing psychological problems in physical symptoms (Hysteria). Differences regarding Monotony Avoidance and the aggression scale Irritability at baseline between the conventional and reference group remained trivial at follow-up, and for the surgically treated they decreased. It has been proposed that all forms of negative affect contribute to increased aggression 42 and the more negative affect, the more aggression. Weight loss is associated with decreased distress 31, 32 and could explain the decrease in Irritability.
Distress has also been linked to a breakdown of impulse control, where emotional distress shifts priorities to the present in order to regulate negative affect. 43 It could therefore be expected that decreases in distress associated with weight loss would favourably affect Impulsiveness in our study. However, we found that Impulsiveness was not affected by any amount of weight change in any treatment group. This result is seemingly in contradiction with results from a study by Larsen and Torgersen. 17 At follow-up, their gastrically treated patients had increased in Parsimony and Orderliness, which the authors speculate is triggered by the vast demands on self-control and restraint in eating behaviour forced upon them following the surgical intervention. These demands could have had an effect also on Personality traits among obese 2 y later A Rydén et al impulsiveness. Further, it has been hypothesised that impulsiveness is related to maladaptive coping strategies. 44 However, we previously showed that all SOS patients improved regarding maladaptive coping and improvements were related to magnitude of weight change. 45 We can only speculate that Impulsiveness is either not reflected in weight-related behaviour, such as eating habits or physical activity; or that the intervention modifies behaviour in such a way that the obese patients now canalise their impulsiveness in other ways. The relation between personality and obesity is very complex and not well understood. It can be viewed in several ways, for example, that personality predisposes for overeating and/or a physically inactive lifestyle resulting in weight gain; being obese in itself may have an effect on personality; as an interaction between personality and situation, that is, a combination of these two mechanisms. 17 The pretreatment differences found in our study between the obese and the reference group may, on the one hand, be interpreted as manifestations of stable, biologically based traits of character and temperament, promoting behaviours facilitating the development of obesity. Treatment preferences could also be influenced. Personality characteristics of the surgical candidates may influence their judgement of their ability to succeed with conventional treatment and operation is viewed as an externalised control mechanism. Medical interventions resulting in substantial weight loss could then have such dramatic consequences that normally stable personality traits are affected.
Another possible interpretation is that differences simply reflect personality states rather than stable personality traits, that is, consequences of being obese. Situational influences on personality may include the psychological impact of the stigma attached to the obese condition and the physiological effect of subsequent comorbidities. Baseline personality differences between the surgically and conventionally treated could be related to differences in number, severity, or intrusiveness of their concurrent illnesses. Substantial weight loss, with subsequent improvements in mental and physical health, would then affect personality corresponding to the magnitude of weight loss.
A third possibility is the interaction between personality and situation, with certain traits being more susceptible to situational influences and others being more stable. The combination of certain personality traits with certain situations could facilitate behaviour resulting in weight problems and situational factors could in turn affect personality. A change in situation would then partly affect changes in personality, which in turn would further affect the situation.
How stable are these benefits? Considering that our patients had been obese for more than 20 y on average, a 2-y follow-up period may be too short. Future research will address longer-term effects of drastic weight reduction on personality to conclude with confidence whether these improvements are permanent.
